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The value of A? [if A =x —(d/dx)] is 

(a) x? + (d? / dx?) — 2x (d/dx) (b) (d2/dx?) — 2x (d/dx) + x?= 1 
(c)-(/dx2) — 2x(d/dx) + x? = 1 (d) x? + (#/dx2) — 2x(d/dx) + 1 
Consider the statement 

(i) “SQRT” operator is Linear operator 

(ii) An operator is linear if A (f+ g) = Af+ Ag (A is operator fand gis the function) 

(iii) In quantum mechanics operator used must be linear. 


The Correct statement above are 


@) (i) (b) (ii) (e) Gi) (@) (ii) and (ii) 

Two different non zero operator A and B (A +B) satisfy the relation (A+ B) (A= B) = A?— B*when 
(a) AB =A? and BA=B? (b) AB+BA=0 

(c) Aand B are arbitary (d) AB>BA=0 


The value of commutator (x°, p,) is equal to 

(a) x? (b) -3x°ih (c) +3x°ih (d) zero 
Consider the statement 

(i) IfA is linear operator then the value of [ARG + A? f(x) 

(ii) The value of commutator [x,(x,p 3] is equal to 0. 

(iii) The multiplication of two linear operator is linear. 

(iv) Square root is not linear operator but square is a linear operator 

The correct statements above are 

(a) (i) and (iii) (b) (ii) and (iv) (e) () (in (ii) (d) (iii) only 
Consider the statement 

(i) The commutator of d/dx with x is a unit operator. 

(ii) Differentiation and integration operator are linear because for being a linear operator A {C,f,(x) + C,£,(x)} = 
C,Af (x) + C,Af,(x) is the condition 

(iii) Linear operator always commute with any number. 

The correct statement above are 


(a) (i)and (ii) (b) (ii) and (iii) (c)(i),(ii)and (iii) (d) None 
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F Evaluate the commutator {x, d/dx} operating on arbitary wave function f(x) 
(a)0 (A (OH (d) © 
8. Thevalue of [x, p, ] is equal to 
(ao (b) hi © aih (d) -ħ/i 
9. The value ofthe commutator [x, [x, p,]] is 
(a) ida) ih (b) -ih Oih (a0 
10. The operator [x,[x,p"]] is identical with 
(a) [px, pl] (b) Exp. [xp] (o) Lp pl] (d) pl] 
11, The value of commutator (I/x, p,) 
(a) -(h/2mip? (b) (h/2ni)x? 
(©) (h/2ni) x? (d) ~(h/2ni) x? 
12. The value of commutator (x, p,2) is given by 
(a) 2ih/m (b) (h? /2n2) (d/ dx) 
(c) (h? /4n*) (d/dx) (d) Ah /27°)(d / dx) 
13, When the operator -(h? /2m)(d? / dx?) operates asa function’e ™ 
(a) Kere (b) inte 
(©) ie (d) te 


14. Denote the commutator of two matrices/A and B by [A,B] = AB — BA ; the anti-commutator 
{A,B} =AB+BA 


(a)-BIA, C] (b) BIA, C] 
(c)-BIA,C} (dA, CIB 
15. The commutator of x with Hamiltonian H, [x,H, ] is 
(a)0 (b)i (c) (1? /2m)p, (d) (ih/m)p, 
2200 
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The linear momentum ofa particle described by the wave function e is 


(a) kh (b) -kh (c) kh (d) kh 

The commutator of kinetic energy operator T, and the momentum operator px for the one dimensional case is 
(a) (ih/2x) (b) (ih/2m)(d / dx) 

(00 (d) (ih/27)x 


The operation of commutator [x, d/dx] on a function f(x) is equal to 


(a)0 (b) fix) (o) fix) (d) x, df'dx 
Which of the following pairs of operator commute 

(a) x and (d/dx) (b) (d/dx) and (#/dx?) +2(d/dx) 
(c) x?(d/dx) and (c?/dx2) (d) x and (d/dx) 


The value of [x, p,], [P,,P,] respectively are (arbitary functionstate function) 

(a) 0,0 (b) 0, not zero (c) not zero (d) not zero, not zero 

The “SQRT and SQR” operator 

(a) Commute with each other (b) do not commute with each other 

(c) cannot determine (d) None of these 

The value of commutator (x’,p?) is equal to 

(a) (ih/27)(xp, + po) (b) (ih /m)lxp, + px) 

(0 (d) 2ih/ x 

The operators S, are defined by S, =S, +iS, ,where S, and S, are component of the spin angular momentum 


operator: The commutator [S,,S, ] is 

(a) ns. (b) às, (c) -hs, (d) -hS 
Consider the statement 

(i) The value of fx, Ly is 0 


(ii) The value of comutator {x, y} is z 
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(iii) IFtwo operator commute they have common set of eignfunction. 

The correct statement above are 

(a)i,ii (b)iiiandii (e) iii (d) none 

The value of [A[B, C]] + [B, [C,A]] + [C, [A, B] is equal to 

(a) 1 (b)-1 (c)0 (d) © 

The value of commutator [L,, p,] 

(a) (ih/2x)p, (b) (ih/2z)p, (0 (d) (ih/2m)p, 

The operator L, =L, til, where L, and L, are the x and y component of angular momentum. The commutator 
[L,L] is 

(a) hL, /2x (b) ht /2m (c) -hL, /27 (d) hb, /27 

Given operator a+ = F“ +ipx)anda_ = Te ~ipx) where x and’p, are the positon and linear momentum 


operator, respectively the value of commutator[a,,a_]is equal to 


(a) ih/2n (b) -ih/ 20 (c) h/2n (d) -h/27 
XxxX 
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The vlaue of commutator (x, p, } is 


(a)0 (b) (ih/2n) (c) (ih/2m)(d/dx) (dx 
Find the value of commutator {x?, d?/dx?}. 

(a)-1 (b)-2 (c) 4 (d) None 
The value of commutator {x,P;} is given by 

(a) 2ih/m (b) (h? /27º(d/ dx) 
(c) (hº/4mº(d/ dx) (d) =(hº /27º)(d/ dx) 
If operator d'/dxº is operated on function @% then the result is 

(a) o” (b) are” (e (da 


Consider the statements 

© i{A+A’} is an antihermitian and i{A—A' } is hermitian 

(ii)xp, is not hermitian but xp, +p,x is hermitian 

(iii) the commutator of x with p, is 0 but L with p, isnon-zero 

(aiii b)i, iii (iii (d)iiionly 

Consider the statement : 

(i) IfA is hermitian B is hermitian then [AB + BA] is hermitian but [AB- BA] is antihermitian 
(ii) IfA is hermitian Bis hermitian then i {A+B} is antihermitian and i[A—B] is hermitian 
(iii) The multiplication of two commuating hermitian operator is hermitian 

The correct statements above are 

(a)i only (b)i,ii ()iionly (d)iiiandi 
Identify which of the following operator is not hermitian 

(a) (h/2ni)(d/dx) (b) (id? /dx’) (c) (P/d?) (dx 
Consider the statements : 

1.(A+A") ishermitian and (A-A') is antihermitian 

2. Kp, and K, +p, ishermitian operator 

3. The operaor L,L, +L,L, is Hermitian operator. 

The correct stastements above are 


(a) 1,2 (b) 2,3 © 1,2,3 (d) 1,3 (e) none 
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Given two hermitian opeator A and B we construct four operator AB, ABA, i[A,B], A2B. Choose the correct 
option from below: 

(a) Alll these four operators are Hermitian 

(b) Only three of these are hermitian in nature 

(c) Only two of these are hermitian in nature 

(d) Only one of these operator is hermitian 

The hermitian conjugate of d/dx is 

(a) d/dx (b) —d/dx (c)x (do 

Consider the statement 

(i) Hermitian operator always commute with one another 

(ii) Hermitian operator always have real eigenvalues 

(iii) The multiplication of two hermitian operator is hermitian 

The correct statements above are 

(a) (i) only (b) (i), Gi) (c)(ii)only |. (d) (iii) only 
Consider the statement : 

(i) IfA is hermitian B is hermtian then {AB +BA} is hermitian but {AB — BA} is antihermitian 
(ii) IfAis hermitian B is hermitian, i {A+B} is antihermitian and i{A~B}is hermitian 

(iii) The mulitplication of two commutating hermitian operator is hermitian 

The correct statements above 

(a) (i) only (b) (i), (ii) (c)(iiYonly (d) (iii) only 

If operator A=-(d/dx) + x then 

(a) Ais hermitian (b) Ais anti-hermitian 

(MAA ishermitian (WA AY is anti-hermitian 

Ifan operator {d° / dx? =16x*} is operated on an function e?” than corresponding eigen value is 
(a)2 (b) 4 (02 (d)4 (e) none 


When the operator —(h? /2m)(d? / dx”) operates on a function e™ the result is 


KAN ain na in? ik h? iks 
KAY kn? ci ikx ee 
@ on? (oy Ee ge gy ant 
xxxx 
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If É, L,L, are the components of the angular momentum operator in three dimensions the commutator 
EEEN] may be simplified to 

(a) ih, (Eb) (b) hÊ, i i, (c) ial, (28-8) (d)0 

IfL,,L, andL, are respectively the x ,y and z components of angular momentum operatorL. The commutator 
[L.tyt, | is equal to 

(a) ih(L +8) (b) 2iħL, (o) (g-e) (d)0 

The linear momentum of a particle decribed by the wavefunction e™ is 

(a) kh (b)—kh (c) -kh/2n (d) kh/27 

Consider the statements 

(i) the expectation value of a Hermitian operator is real and that of an anti-Hermitian operator is imaginary 
(ii) anticommutator {A, B} is defined by AB-BA 


(iii) Hermitian conjugate ofa commutator is 


The correct statement above are 

(a) (1) ©) (i), Gi) © A (iii) Wa 

The correct statement among the following is (A is hermitian operator) 

(a) The eigen value of A? can be negative 

(b) The eigen value of A? are always positive 

(€) No eigenfunction of A isan cignfunction of A? 

(d) The eignvalue of A? can be complex 

Which of the following is common eignfunction of d/dx and d?/dx? operators 

(a) cosx (b) kx (c) e* (d)e-x? 

For a hermitian operator A, which does not commute with the Hamiltonian H, let y, be an eignfunction of A and 
‘ be aneignfunction of H. The correct statement regarding the average value of commutator of A with H([A,H]) 
is 

(a) both < y,[A,H]y, > and<y,[A,H]y, > are non zero 

(b) only <y, [A,H]y, >is zero, but < ,[A,H]y, > is non zero 

(c) only <w,[A,H] y, >is zero, but < y, [A,H]y, >is non zero 

(d) Both <y,[A,H]y, >and <y,[A,H]y, > are zero 
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8. 


Aset of N vectors X,, X, ....... X satisfy the eigenvalue equation for an operator A with scalar eigenvalues 
Are... (ie. AX, =2,X,). The linear combination of vector X =€ C,X, , where C, are non-zero scalar 
coefficient. 

(a) is not an eigenvector of A 

(b) is an eigenvector of A only if the A, are all distinct (no two eigenvalues are equal) 

(c) is an eigenvector of A only ifthe A, are all equal 

(d) is an eigenvector of only if C, are equal 

The eigenfunctions of the Hamiltonian H (H = T + V) ofa harmonic oscillator are (where T and V are kinetic 
energy and potential energy operators respectively) 

(a) eigenfunctions of T as well as V 

(b) eigenfunctions of T, but not of V 

(c) eigenfunctions of V but not of T 

(d) eigenfunctions of neither T nor V 

Which of the following statement is not true 

(i) The state function (x, t) is always equal to a function of time multiplied by a function of coordinate. 

(ii) Iff, and f, are eign functions of operator B then C, f, + Cf, must always be an cignfunction of B, where 
C, and C, are constants 


(iii) The operator L commute with L, +L, . 


(a) (i), (iii) (b) (i), (ii) (c) (ii), Gii) (d) only (iii) 

When the operator ~(f)(d? /dx’) operates on a function e™ the result is 

(a) Khe (b) iene (o) ihe (d) fre 

fan operator ((d? /dx” )<16X |isoperated on an function e?” than corresponding eigenvalue is 
(a)-2 (b)-4 (02 (d) 4 

(tm /8mm)(a? [ax )+ (Rax?) /2mm)e e| =c(h? /4n”)e (h,x,a,m constant), value of Cis 
(a) 2a /m (b) a/2m (c) a/m (d) a? /m 


3L 
in the region between 2 and T 


The probability of finding the particle in a one of dimensional box of length “ 


for quantum number n= 1 is 


1 piel (a (a > 
QE rae ra 3 
<X> in the ground state fora particle that is confined to move in a one d box of length -L to Lis 
@L (b)L2 (OL (d)0 
xxxx 
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A system is described by the following real wavefunction. The probability (P) of finding the particle in a region dx 


around point I, II and III in the figure obeys the trend 


(a) PO PUN >P (by PAD > PAIN SP 
(© PAD >P PA) (d) PIN > PON > PMD 


Consider a particle of mass m moving n a one-dimensional box under the potential V = 0 for 


0<x <a and V= infinite outside the box. When the particle is in lowest energy state, the average momentum < 


p,> of the particle is 

(a)<p.>=0 (b)<p,>= (h/a) 

(c) <p, >= (h/2a) (d) <p, >=(h/2na) 
The uncertainty in themomentum Ap, ofthe particle in its lowest energy state is 
(a) Ap, =0 (b) Ap, =(h/a) 

(c) Ap, =(h/2a) (d) Ap, =(h/2ra) 


Fora particle of mass m confined in a box of length L, assume Ax =L . Assume further that Ap, =< p? >". Use 


the uncertainty principle to obtain an estimate of energy of the particle the value will be 
(a)hº/8ml? (b) h2/8mL? (c)h?/32mL? (d) h?/2mL? 

Suppose, the ground stationery state of a harmonic oscillator with force constant 'k' is given 
Y, = exp[ -Ax? |. Then, A should depend on kas 

(a) Ak? (b) Axk (Aak? (d) Ak? 

Given three systems, A, B, and C, what could be they if the spacing between neighbouring energy levels in A 


decreases with increasing energy, while that for B is constant, and that for C increases with increasing energy? 
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(@) A= particle in 1D box, B = harmonic oscillator, C= electron in hydrogen atom 
(b) A= electron in hydrogen atom, B = harmonic oscillator, C = particle ina 1D box 

(c) A= particle in a 1D box B= electron in hydrogen atom, C= harmonic oscillator 

(d) A= electron in hydrogen atom, B = particle ina 1D box, C= harmonic oscillator 

The Mathematical expression et" represents 

(a) a wave stationary in space but oscillating in time 

(b)a travelling wave moving in the positive x direction 

(c) a wave stationary in time but periodically varying in space 

(d)a travelling wave moving in the negative x direction 

The unit of wave function corresponding to particle confined to move in 1D box is 

(a) L (LA 

(OL (d) dimensionless 

The lowest allowed energy is equal to zero for 

(a) the hydrogen atom (b)rigid rotor 

(c) a harmonic oscillator (d) a particle in 3D box 

The energy of second excited state of the hydrogen atom is 

(a)-27.2 eV (b)—6.8 eV (c)-1.5eV (d)-4.5eV 


Determine the probability of finding the particle between 1/4 to 3L/4 for a particle in IDbox of length (0<x <L) 
in the first excited state 


(a) 1/4 (b)1/3 (€) 1/2 (d) 1 

Forhydrogen-like atom wifhanuclear charge Z, the energy of orbtial with principal quantum number ‘n’ follows 
the relation. 

(a) E, oniz? (b) E, £Z? /n? (©) E, £Z? /n (d) E, cn? /2? 

For the particle in a box problem in (0, L), the value of<x°> in the n => o would be 

(a) L6 (LH (014 (d) LA 

For hydrogen atom, which of the following orbital(s) have the lowest energy? 

(a) 4s (b)4p 

(c)4d (d) All of these have same energy 


The value of commutator [Sin x, d/dx] is equal to 
(a)Cosx (b)-Cosx (© tanx (a0 
When we operate the operator —x?(8 / 3x) on the function e®the corresponding eigen value 


(a)-3 (b) +3 (WA (d) None 
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17. 


18. 


20. 


The energy of 2S orbital and 2p orbitalis same for 

@Li OLI” (c) Be” (OH 

The wave function for a quantum mechanical particle in a 1 dimensional box of length ‘a’ is given by 
w= Asin(nx / a). The value of A fora box of length 200 nm is 

(a) 4x 10* (nm)? (b) 1042 nm)? (c) V2/10nm™? (d 0.1nm*? 

Avery general form of the uncertainity principle was developed by H.P. Robertson in 1929 for two observables 
AandBis 


(a) AAAB > {0.5<[A,B]>} (b) AAAB > {0.5[A,B]} 

(c) AAAB<{0.5<[A,B]>} (d) AAAB<{0.5[A,B]} 

Consider the statement 

(j) If gis an eigen function of the linear operator B, then cg is an eigen function of B, where cis an arbitary constant 
(ii) Fora stationary state, the probability density is independent of time 


(iii) Iffis an eigen function of the linear opeator A with eigen value a, then fis an eigen function of A? with eigen 
value a? 


The correct statement above is/are 


(a)() (b) (i), (ii) © ©, Gi), (iti), (96, Gii) 
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The value of deviation in the radius <r°>—<r> in the Is state of hydrogen atom is (a, Bohr radius) 


(a) ai (b) 1.54 (c) 0.75a2 (d) 0.52 
The average value of the radus <r> in the 1s state of hydrogen atom is (a, Bohr radius) 
(a) a, (b) 1.5a, (c) 0.75a, (d) 0.5a, 


The ionization energy of hydrogen atom in the ground sate is approximately 13.6 eV. The potential energy of He”, 
in its ground state is approximately 

(a)-54.4eV (b)-27.2 eV (c)-13.6 eV (d) -106.8 eV. 

The ground state energy of hdrogen atom is —13.598 eV. The expectation value of kinetic energy <T> and 
potential energy<V>, inunit of eV is 

(a) <T> = 13,598 eV, <V>=-27.196eV (b) <T> = -27,196 eV, <V> = 13.598 eV 

(c) <T> =—6.799 eV, <V>=—6.799eV (d) <T> = 6.799 eV, <V>=~20.397 eV 


Consider the statements 


(i) The energy corresponding to 2s orbital of hydrogen atom is -0.125 a.u. 

(ii) The energy of hydrogenic atom is directly proportional to uz? 

(iii) The energy of 2s and 2p orbital of hydrogenic species is equal they are degenerate according to Schrodinger 
equation 


Correct statement above are 


(a) (1), Gi) (b) Gi), (ii) (c) (i), (iii) (D, Gi), (ii) (e) none 

Which of the following statement is / are true 

(i) The state function (x,t) isalways equal to a function of time multiplied by a function of coordinate 

(ii) Iff, and f, areeigen functions of operator B then C, f, +C,f, must always be an eigen function of B, where C, 
and C, are constants 

(iii) The operator L” commute with L, +L, 

(a) @), (iit (b) (i), (ii) (c) (i), (ii) (d) only (iii) 


For a harmonic oscillator in its ground state i.e., v = O state, the energy is given by E, = (1/2)hv where v is the 


vibrational energy. This is due to its 

(a) Kinetic energy (b) Potential energy 

(c) Heat of formation (d) Sum of Kinetic and potential energy 

Two bound stationary states, | and 2 ofa one electron atom with E, = E, (E is the toal energy) obey the following 


statement about their kinetic energy (T) and potential energy (V) 
(a)T,>T,:V,>V, (b)T,>T,;V,>V, (©)T,<T,:V,>V, (@)T,=T,;V,>V, 
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9. 


Consider the statement 

1, Virial Theorem are applicable to atom and molecule both. 

2. According to virial energy contributed by potential and kinetic energy are equal. 
3. For first excited state in SHO the energy contributed by kinetic energy is 75 hv 


Correct statements abvoe are 


(a) 1,2 (b) 2,3 (c) 1,3 (d)1,2,3  (e)none 
Normalization constant for an electron in an orbtial of hydrogen atom with the wavefunction y = e” is 
(a) 1/247 (b) 1/ Vr (c) 2/47 (d)2 

Average value ofz coordinate for an electron in 1s orbital of hydrogen atom is 

(a) 1.5a, (b) a (c) 2a, (do 


For the eigenstate of hydrogen atom, which of the following relation between expectation value of kinetic energy 
<T> and potental energy <V> is given by 


(a) <T> =<V> (b)2<T>=-<V> (c)2<T>=<V> (d) <T>=-2<V> 
The unit of wavefunction y of hydrogen atom is 

WL bL ()L? (d) dimensionless 
Uncertainity in momentum for an electron in 1s obrital of hydrogen atom is 

(a) h/2na, (b) h/a, (c) h/ ma, (0 


Electron is in the ground state ofa hydrogen atom. The probability that it is within the Bohr radius is approxi- 
mately equal to 


(a) 0.60 (b) 0.90 o) 0:16 (d) 0.32 
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The correct statement about both the average value of position <x> and momentum <p> ofa 1-d haromonic 


oscilator wavefunction is 
(a) (x)=0,(p)#0 (b) (x) #0,(p)#0 (c)<x>=0,<p>=0 (d) (x) #0,(p)=0 
The wavefunction ofa 1D harmonic oscillator is given as 


w(x) =N(2x? — te"? . The value of N that normalizes the function y(x) is 


Given: J vet dx LS: 


1? 1 YE 1 NE 1 2 
ole) ol (IN al 
For an one-dimensional quantum-mechanical harmonic oscillator 

(a) Average linear momentum is non zero but average displacement is zero 

(b) Average linear momentum is zero and average displacement is zero 

(c) Average linear momentum is zero but average displacement is non zero 

(d) Average linear mémentum is and average displacement both are non zero 

Consider the statement 

(1) Virial theorem are applicale to atom and molecule both 

(2) Accordng to virial energy contributed by potential energy and kinetc energy are equal 
(3) For first excited state in SHO the energy contributed by kinetic energy is 7.5 hv 
Correct statements above are 

(a) 1.2 (b) 2.3 (013 (d) 1,2,3 


An electron of mass ‘m’ is confined to a one dimensional box of length ‘b’. If it makes a 


radiative transition from second exicted state to the ground state the frequency of photon emitted as 


(a) 9h/ 8mb? (b)3h/8mb? (c) h/mb? (d) 2h/ mb? 
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6. 


A particle is confined to move in 1D box of length 1 mm. If the length is changed by 10 m, the percentage 
change in ground state energy is 

(a)2x 104 (b)2 x 107 (c) 2x 102 (d) 0 

The probability of finding the particle in one dimensional box of length L, in the region between L/4 and 3L/4 for 
quantum number n= 1 is 

(a) 1/2 (b) (1/2)+(1/7) (c) (1/2)-(1/7) (d) 2/3 

Fora particle undergoing quantum mechanical tunneling 

(i) the amplitude of the wavefunction after passing through the barrier decreases with increases in width 

(ii) Tunneling barrier height increases the tunneling probability decreases 

(iii) The energy of the particle after the crossing decreases with increases in distance 


The correct statement above are 


(a)@. (ii) (b) (i (©) 0, (ii) (A (Gi, Gii) 
The zero point energy of a particle of mass m confined to move in a one dimensional box of length l is 
(a)0 (b) [mi (c) Pr /2mL (03n? /2MÊ 


The transmission probability of a particle encountering the barrier is e! 


1/2 and width of the barrier is doubled, tunneling probability would be 


if mass is reduced by 


(a) el? (b) e” (c) e? (d) does not change 


XXXXXK 
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Lal 


The degeneracy of quantum mechanical particle of a cubic box having energy two times than the group state 
energy is 


(a)3 (b) 6 (01 (d)4 
A particle in 3d cubic box of length /has the energy 14h?/8m?. The degeneracy of the state is 
(a)2 (b)3 (c)6 (d)9 


A particle of a mass m is in a cubic box of side a. The potential inside the box (0<x <a,0<y <a,0<z<a) is 
zero and infinite outside. If the particle is in an eigenstate of energy 14h°r? / 2ma its wavefunction is 


(a) y=(2/a)*? sin(3nx /a)sin(Sny / a)sin(6xz /a) 

(b) y=(2/a)2sin(77x/ a)sin(4my / a)sin(3xz/a) 

(c) y=(2/a)2 sin(47x / a)sin(8my / a)sin(2xz /a) 

(d) y=(2/a)*? sin(mx/ a)sin(2ny / a)sin(3nz / a) 

The degeneracy corresponding to quantum mechanical particle in'a 3Dbox of length ‘a’ with energy E = 
33n? /mb is 

(a)6 (b)8 (c) 12 (d) 14 


A particle is confined in a ID box of length 2a with potential v = infinite x <a, x > a and v=0 inside the box. 
Energy difference between the leveln=3 and n=? is 


(a) Sh? /8ma? (b) 9h? /8ma? 

(c) 9h? /32ma? (d) Sh? /32ma? 

The wavelength associated with particle in a one dmensional box of length /is (n refers to quantum number) 
(a) 2i/n (b) Jn (on! (d)/2n 


A particles in the ground state of an infinite square well potential given by, V= 0 inside the box -a <x <a and 
«= infinite otherwise. The probability to find the particle in the interval between -a/2 and a/2 is 


(a) 1/2 (b) (1/2) (1/7) (e) (1/2) +(1/x) (d) 1/7 


‘Aparticleis:in one-dimensional box with a potential V, inside the box and infinite outside. An energy state 
corresponding to n= 0(n : quantum number) is not allowed because 


(a) The total energy becomes zero 
(b) The average momentum becomes zero 
(c) The wavefunction becomes zero everywhere 


(d) The potential V, = 0 
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5. A paricle of mass m is confined in the ground state of one dimensional box extending from 
-2L to +2L the wave function of particle in box is y = y, cos(x / 4L) where y, is constant 
(i) The normalization constant y, of the function is 
(a) (2/1) (b) (1/41) (o) (1721) (a) (1/t)" 
(ii) The energy eigenvalue corresponding to this state is 
(a) Pr? [amb (b) Hr? / 4m (c) Pr? /16mÊ (d) x? /32mÊ 
(iii) The expectation value of operator p? (p is momentum operator) is 
(a) 0 (b) Hn? /32mÊ (c) Pr? [162 (d) Hr? /82 
10 The quantum mechanical virial theorem for a general potential V(x, y, z)is given by (x = - 
Tis the kinetic energy operator and <> indicates expatiation value, This laeads to the following relation between 
the expectation value of kinetic energy and potential energy for a quantum mechanical harmonicoscillator prob- 
lem with potental 
v= Io wd +? 
(a)<T>=<v> (b)<T>=-1/2<V> 
(c) <T>= 1/2<V> (d) <T> =—<V> 
11. The lowest energy level that is the example of accidental degeneracy, fora particle confined to move ina 3D 
cubic box of length a is 
(a) 12h27? /ma? (b) 1277? / 8ma* 
(c) 27h? [mal (d) 27h? / 8ma? 
12. The degeneracy corresponding to energy of 2D square box with energy 1072? /2mi is 
(a)2 (b)3 (04 (d)5 
13. The lowest energy level thatexist both in 1 D box and 2 D square box of length lis 
(a) 25h? x? /2m? (b) 257? / 8m? 
(0) sh?r” /2mÈ (d) Pr? mf 
14. The degeneracy of quantum mechanical particle ofa cubix box having energy four times that of the ground state 
energy is 
(a)3 (b) 6 (01 (d) 4 
15. | A particleis confined in a 3D cubic well of width L with imprentable wall, the degeneracy of 4th level is given by 
(a)1 (b)2 (03 (d)4 
xxxxx 
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The groud state energy ofa particle of mass m in a three dimensional cubic box of side L is not zero but 3h?/8mL. 


This is because 

(a) The groud state has no nodes in the interior of the box 

(b) This is the most convenient choice of the zero level of potential energy 
(c) Position and momentum cannot be exactly determined simultaneously 

(d) The potential at the boundaries is not really infinite, but just very large. 


A x electron (mass m) in a naphthalene may be modeled as a particle in Two Dimensional box of dimensions a 
and 2a. The expression for allowed energy level of particle are {n1 and n2 are quantum number that take values 
123, ne) 

(a) (him jambi n/a 
iG 
(e) fhn /2m) ((nê /a)+ (2 o 
(a) [Wr /2m) (né /aº) + (nê/ 408) 


The degengeracy of an excited state ofa particle in a 3-dimensional cubic box with energy 3 times it's ground 


/ 
(o) {Hr /2m} (ni / 


state energy is 

(a)3 (b)2 (c) 1 (d)4 

Considera two-dimensional harmonic oscillator with potential energy v (x,y) = 2k x? + +k,y?-If Yn (x) and y,,(y) 
are theeigen mei andE, and E, are the eigenvalues of harmonic oscillator problem in x and y direction with 


potential L Sky and Py „y? respectively, the wave function and eigen values of the above two dimensional har- 


monic oscillator problem are 


(a) Wang = Woe) + Woy (¥) (b) Waray = You) Yay lY) 
Ca, = Es + Ew Bigi se Es + En 

(©) Waxy = Woe) + Woy (¥) (d) Vaca = Wax 0) Way (Y) 
Enam = EmEny Eneng = En Eny 


A two dimensional square rigid box of side L contains six non interacting electron at T= 0 K. The mass of electron 


is m. The ground state energy of the system of electron in unit TA? / mÈ 


‘Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


QUANTA POINT DPP-(9) /Quantum Chemistry 


(a)8 (b) 10 (c) 12 (d) 16 


A particle is confined in a 3D cubic well of width L with imprentable wall (i) the sum of the energy of third and 
fourth energy level is, 


(a) 107% /mÈ (b) 10mh /3mMÈ (c) 11mh? /2mMÈ (a) 15mh? /2mÈ 


A particle of mass m is confined in atwo dimensional square well potential of dimension (a). This potential is given 


by V=0 for0<x <aand0<y <a, V = infinite elsewhere. The energy of the first excited state is 
(a) wh? [mat (b) 27h? /ma? (c) 5h? /2ma? (d) ah? [ama 
Compare the difference of energies of the first excited and ground states of a particle confined in(i) à 1-d box 


(A, ), (ii)a 2-d square box (A, ) and (iii) a 3-d cubic box (A, ). Assume the length of each of the boxes is the 


same. The correct relation between the energy differences A,,A,,A, forthe three cases is 
(a) A, >A, >A, (b) A, =4, =A, (c) A, >A, >A, (d) A, >A, >A, 


The ratio of energy of first excited state to the ground state of a particle in 3D box of length 
Land L/2is 


(a)3:2 (b)2:1 (c)4:1 (d)4:3 


The lowest quantum mechanical energy of particle confinedin ID box of size Lis 2 eV. ‘The energy of quantum 


mechanical ground state for a system of three non interactive spin 1/2 particle is 
(a) 6eV (b) 10eV (c) 12eV (d) 16 eV 

The degeneracy of state having energy (27h*/8mL2) for a particle in 3D cubic box of length Lis 
(a)4 (b)3 (c)2 (d) 1 


Consider a system of eight non interacting, identical quantum mechanical particle of spin 3/2 in a 1D box of length 


L. the minimum excitation energy of the system in unit of h? / 8ml is 
(a)3 (b)5 (07 (d)9 


For a model system of three non-interacting electron confined in two dimensional square box of length L, the 


ground state energy in units of (h?/8mP)is 
(a) 14 (b) 6 (c)4 (d)9 


A particleofmass ‘m’ is confined in a two-dimensional infinite square well potential of side ‘a’. The eight energy 


Of the particle in a given state is 257172 /ma? . The state is 
(a)4 fold degeneate (b) 3 fold degenerate 

(c)2 fold degenerate (d) Non-degenerate 

The one electron states for non interacting electron confined in a cubic box of side a are E, <E, < E, < E, etc 


(i) the energy of the lowest state is 


(a)0 (b) Ti /2ma* (0) nh? /ma? (d) 37h? /2ma? 
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The hydrogenic orbital with the form of the radial function, r? (cr, —r)(a, —r)expl-Pr] 
where a,,a, and B Are constants, May be identified as a 

(a) 3d orbital (b) 4f orbital (©) 3d orbital (d) 5forbital 
The position of radial node for an electron in 2s orbital of hydrogen atom is {given that 

Ro a[(2-{r/a)}) Je" 

(a)r=2a, (b)r=a, ()r=a,/2 (d) no radial node 
The normalisation constant corresponding to radial part of wave function R, = e'* is 

(a) 2 aj? (b) 247º (c) 2a? (d) 2a," 

A hydrogenic 3 p orbital has the following form of the radial wave function (a, = constant) 


(a) r(a, -n)e e? (D) Pe (Jr (a=1)(a,- re“ (d) pee" 


A hydrogenic orbital with radial function of the form 1“ exp[-Br] and 6 - part as exp[-3i 6] corresponds to 
(a)n>4,1>3,m=3 (6) n>4,1=3,m=-3 

(c)n>4,1=3,m=3 (d)n=4,1=3,m=-3 

The radial part of wave function R,, is maximum at 

(a)r=a, (b) r= 2a, (c)r=0 (d)r=infinite 

The orbital with two radial and two angular nodes is 

(a) 3p (b) 5d (05f (d) 8d 

Anatomie state of hydrogen atom is represented as y= (1/2a;) r [1~(r/2a,) Je” cos, where a, is 
constant value. The quantum number of the state are 

(a)1=0,m=0,n=1 (b) 1=1,m=1,n=2 

(c)1=1,m=0,n=3 (d)I=1,m=1,n=3 


The radial part of a hydrogenic wave function is given by r(ct - Je? (o and Bare constant). This function is 


then identified as 
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10. 


(a) 2s (b) 3p (c) 4d (d5f 
w=Nr(6-Zr) e(-Zr/3) cos O is a proposed hydrogenic wavefunction, where Z = atomic number, r= radical 
distance from the nucleus, O = azimuthal angle N is constant. The incorrect statement above wis 

(a) y =0 in the xy plane 

(b) two radical nodes are present in y 

(c) one angular node is present in y 

(d) the size of orbital decreases with increase in atomic number 

The un-normalized radial wave function ofa certain hydrogen atom eigenstate is (6r-12)€*2. A possible angular 
part of the eigen state is 

(a) 5 cos? 0-3 cos (b) 3 cos?0 - 1 (c) cos O (d)1 


An unnormalized wavefunction of the hydrogen atom is given by re"? (3 cos? @— 1), the three quantum 


number n, |, m associated with this orbital respectively are 
(a) 2,2,0 (b)2, 1,1 ()3,2,0 (d) 3, 1,1 

Hydrogenic atomic orbital is given by N r? e” cos? 0 — 1) represents 

(a) 2p orbital (b) 3p orbital (e) 3dorbital (d) 4d orbital 

The angular part of the wave function for the electron in a hydrogen atom is proportional to sin? O cos 0 e. 
The value of the azimuthal quantum number | and the magnetic quantum number (m) are respectively. 

(a)2 and 2 (b) 2 and -2 (c) 3 and 2 (d) 3 and -2 


Which of the following is true for the radial part of the hydrogen and wave function R,,, (r) (n) principal 


quantum number and the nodes associated with them? 


(a) The radial part of only s function is non-zero at the origin and has (n— 1) nodes 
(b) The radial part of s function is zero at the origin and has n number of nodes 


(c) All radial functions have values of zero at the origin and have (n— 1) nodes 


(d):The radial parts of all s functions are zero at the origin and have no nodes. 
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The energy of 2s and 2p orbitals is the same for 

(a)Li (b) Li! (c) Be” (d)H 
If the ionization energy of H atom is x, the ionizaton energy of LE”, is 

(a) 2x (b) 3x (c) 9x (d) 27x 


The spherical harmonics function Yl,m (0,0), with appropriate value of Zand m, isan eigenfunction of Lx? + Ly” 


operator, The corresponding eigenvalue is 

(a) (I(141)=m? 4? (b) (1(1+1) +m? )a? 
© I(1+1)7 (4) min? 

Consider the statements 


(i) the radial part of wave function ofS orbital of hydrogenic atom is non-zero at origin because radial part is 


containing of r' terms. 

(ii) The degeneracy corresponding to energy value ~e” /727¢,a, for an electron in an orbital of hydrogen atom 
is9 

(iii) If angular part is contianing of only cos O term than the value of /=0 


The correct statements above are 


TON (oii) (909. Gi) Oall 

The orbital degenracy of the lével ofa one-electron atomic system with Z = 5 and energy —3.4eV, is 

(a) 1 (b) 5 (c)25 (d) None 

For H-like atoms the group state energy is proportional to 

@ OF (©) uz? @ = 

An electron is found in an orbital with one radical node and two angular node. Which orbital the electrons is 
(a) Is (b) 2s (c) 3d (d) 4d 


The expectation value ofp? of a particle in a cubic box of side /, having the 


2)? am 3ny_. 2nz 
wavefunction, ew) (E) sin sin sin, is/are 
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For an electron in 1s orbital of He’, the average value ofr, <r> is 

(a) Ža, (b) 3a, (c) 3a, (d) ia, 

The degeneracy of the energy level with n = 6 (n being the principal quantum number) in a hydrogenic atom or 
ion? 

(a) 16 (b) 9 (c) 36 (d) 25 

Inan hydrogen atom the coulomb degneracy for the n=4 state is 

(a)4 (b) 16 (c) 18 (d) 32 

Anelectron in the Li? atom is in a state whose energy is -3.4 eV the degeneracy of the state is 

(a)4 (b) 16 (036 (d) None 

The energy ofa hydrogen atom ina state is —[R,hc /25] (R, = Rydberg constant). The degeneracy of the state 
5 

(a)5 (b) 10 (c) 25 (d) 50 

The orbital degeneracyof the level of a one electron atomic system with z=5 and energy = -13.6 eV, is 

(a)1 (b)5 (c) 25 (d) 36 


A particle is in state O = y, +3y,, where y, and w, are eigenfunctions of the Hamiltonian of the particle with 


eigenvalues E, and E,, respectively. The average energy of the particle in the state q is 


(a) (E, +9€,)/10 (b) (E, +3E,) 
(c) (E, +9E,)/4 (d) (E, +3E,)/10 
ppoe 
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The correct normalized wavefunction for one of the sp? hybrid orbital is 


1 1 1 1 2 

= = Va Fa t- Vap, t Va 
(a) 3Y» + 3a + 3 an (b) BY Bu Yeu 

1 1 1 1 1 1 

FE Vos FFE Vop FEW, Vis t+, + Wap, 
©) vn q van ge OB Akan R 


1 3 
The function ofa certain system is linear combination y = E wi +47 Va where jy andy, àre energy eigen 
functions with eigen values (non-degenerate) E, and E, , respectively. What is the probability that the system 


energy will be observed to be E,? 
3 pô 1 A E 
@ Vig () 3 07 @ 43 
A doubly ionized lithium atom in an excited state (n= 6) emits a photon of energy 4.25eV. What are the quantum 
number (n) and the energy (E) of the final state? 
(a)n=2,E=-30.6eV (b) n=3, E =-13.6 eV 
(c)n =4, E =-7.65 eV (d) n = 5, E = —4.90 eV 


The angular momentum operator Lz has eigen functions ofthe form exp iA® . The condition that a full rotation 


leaves such as an eigen function unchanged is satisfies for all the values of A. 


1, 42 4 1 3 1 
(a) 0,4=,4=, a) (b) 0,+1,42,43... (c) OEE (d) ds 


PER EO 
a 3 2 


| (nm 
For a particlein a.J-D box of length 2L the normalizaton constant A for its wavefunction W(x, t) = Asin 22) 


(where n= 1, 2,3....) is given by 


T 
(a) A= E (Key; the length is 3L sp replace L with 2L in the standard answer C or explict normalization 


1 


oa 
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Which of the following set(s) of quantum numbers is are NOT allowed? 

(a)n=3, 1=2,ml=-1 (b)n=4,1=0,ml=-1 

()n=3,1=2,ml=-3 (d)n=5,1=3,ml=-2 

Consider a one-dimensional infinite potential well of width a. The system contains five non-interacting electrons, 
each of mass m, at temperature T = OL. The energy of the highest occupied state is 


25n°h” 10n°h* Suh Inh? 
ome 6) ma © 7 - 
m 


2ma? 2ma’ 


A particle of mass m is in an infinite square well potential of length L. It is in a supérposed state of the first two 


1 
energy eigenstates, as given by WO)==] Yn (x) + 'n-2(X). Identify the correct statement(s), h is Planck’s 
constant 
3h 3h? 
<P>=0 b) Ay <E>= d = 
(a) )Ap= | (c) Emi (d) Ax=0 
The most probable radius corresponding to 1s orbital of hydrogen atom is 
(a) 1.5a, (b) a, (c)2a, (d) 3a, 
: ads e sá E 0 O<x<l z à Tag 
A particle ofmass m is in one dimensional potential V(x) = .__ Atsome instant its wave function is 
oo, otherwise 
given by w(x) are the ground and the first excited states, respectively. Identify the correct statement 
h? 3r k r 
<x>==; <E>——_— b) <x>=—; <E>—— 
(a) ENE (b) mE 
L hg 2L hè gr? 
(0) <x>==;<E>> 5 (d) <x>=";<E>>— ue 
2 2m É 3 2m 3L 


One to the correct normalized sp? hybrid orbitals is 


1 1 1 
(a) 38 + 305. +3», 


1 3 vB 
(b) 502 eg e em 
È p3 
(c) Ou Boe 
1 E 
ojoo 


20, 


Suppose the wave function of a one dimensional system is y = sin(kx)exp(3ikx) the value of momentum is 


(aj0 (b) nk (€) 2nk (d) 3nk 
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The correct statement about the symmetry of the eigenfunction ofa quantum of 1-D harmonic oscillator is 
(a) All the eigen functions are only even functions, because the potential is an even function 

(b) All the eigen functions are only odd functions, although the potential is an even function 

(c) The eigen functions have no odd-even symmetry 

(d) All the eigen function are either odd or even functions, because the potential is an even function 


Consider a model system of five non-interacting ferminons in a single 3-dimensional oscillator. The Hamiltonian of 


single particle is (= (62 +62 +62) +4ma® (x? +y? +z?) ; where m is the mass of te particle, ois the 
2 


2m 
angular frequency, PP, and 6, are the momentum operators. The ground state energy of the system of 5 non- 


interacting ferminons is 
21 15 5 25 
—ho —ho —ho Sho 

oS oz Or o3 

Considera classical harmonic oscillator with a mass mandé force constant k oscillating with a freqeuncy v. 

Which ofthe following statements is NOT true for this system? 

(a) v increases ifm decreases 

(b) The oscillator is most likely to be fotind at its equilibrium position 

(C) The acceleration is maximum at its turning points 

(d) v does not depend on how large the amplitude of the oscillation is 


xxxxx 
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The quantum mechanical virial therorem of a general potential V (x,y,z) is given by 


(x(0V a: 


ƏV / dy) +z(OV /02)) = 2T , where T is the kinetic energy operator and indicates expa 


tiation value. This leads to the following relation between the expectation value of kinetic energy and potential 


energy for a quantum mechanical harmonic oscillator with potential 


v (e ya (jz 
2 2)" 2 
(a) <T>=<V> (b) <T >=-1/2<V> 


(e (D=50) (=) 


The correct statement about HCI and DCI, among the following, is 
(a) DCI has a smaller zero-ponit energy than HCI 

(b) HCI has a smaller vibration frequency than DCI 

(c) The force constant k of the HCI bond is half that of DCI 

(d) The reduced mass of DCI is smaller that that of HCI 

Consider the statement 

(i) Function y, and y, are orthogonal to each othe in 1-D SHO. 

(ii) The average value of kinetic encrgy in first excited state in case of 1-D SHO is 0.75 hv. 
(i 
kinetic energy. The correct statements above are 

(a) (). (ii) (b) Gi) ii) (c) (i), (iii) (9 ©, Gi), (ii) 


Consider the statements. 


Maxumum amplitude in SHO is a classical term that may be obtained by equating potential energy to the 


(i) Atveryhigh value of quantum number two large maximum at the extremum of vibration in Simple Har 
monic Oscillatro, 

(ii) The wavefunction of harmonic oscillator ither symmetric or antisymmetric under reflection through x= 0. 
(iii) SHO model is an ideal situation inrelity the bibrations that takes place is anharmonic in nature. 

(iv) Thermal decomposiiton of molecule may be explained by SHO. 

The true statements above are 

(a) (1), (ii), (iii) (b) (ii) (ii). (iv) (e) (1). (iii), (iv) (d) All 


The mathematical expressions 370%") represents 


(a) A wave stationary in space but oscillating in time 


(b) Atravelling wave moving in the positive x-direction 
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(c)A wave stationary in time but peridiocally varying in space 
(d) Atravelling wave moving in the negative x-direction 

Fora particle undergoing quantum tunneling through a barrier, which of the following is NOT true 

(a) The amplitude the particle wave function after passing the barrier decreases with an increase in tunneling 
distance 

(b) The probability of finding the particle after passing the barrier decreases with increase in tunneling barrier 
height 

(c) The energy of the particle after crossing the barrier decreases with increase in 

tunneling distance 

(d) The change in the phase of the particle wave function upon transmission is proportional to, 

the tunneling distance 

The position ofa particle in space has a Gaussian probability distribution function. This implies the underlying 
potential energy surface for the particle 

(a) Is flat in space 

(b) has a linear dependencce on spatial coordinate 

(c) has a quadratic dependent on spatial coordinate 

(d) has a cubic depenedence on spatial coordinate 


A quantum mechanical system consist of 1-D infinite box, as indicated in the figure below 


state energy of the system isfound to be E , = 18 eV. If (seven) such identical particles are placed in the box 
then the ground state energy, in units ofeV is 


(a) 66 eV (b) 33 eV (c) 132 eV (d) 264 eV 
The number of degenerate spatial orbitals of a hydrogen-like atom with principal quantum number n = 6 
(a) 12 (b) 6 (972 (d)36 


When a particle with mass m energy E higher than potential barrier V strikes the batrier with infinite width ther 


expression of transmission coefficient is 


(a) t= br (gr. oT 


Ifmass ofthe particle becomes fourth times then the decay length in case of tunneling becomes 
(a) Half (b) Two times (c) 1/4 (d) fourth times 

Consider the statement 

(i) Ifa particle with energy E move and collides with a potential barrier of height V (V < E) and infinite width then 
the movement of particle in 1 region in +x direction is e ikx. 


(ii) Ifa particle with energy E move and collides with a potential barrier of height V (V = E) and infinite width then 
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the transmission coefficient is not zero. 

(iii) Ifa particle with energy E move and collides with a potential barrier of height V (V > E) and finite width then 
the reflection coefficient increases with mass. 

The true statements above are 

(a) (i), Gi) (b) (i), Gii) © (i). (ii, Gii) (d) (i) only 

The probability current density in potential barrier problem is 

(a) J=(h/4nim) {y*3(yS/x)} —w (Sy */5x) 

(b) J==(h/4xim)(y *ô(yô/x))-y (Sy */5x) 

(c) J=(h/2nim) {y *3(yS/x)}—w (Sy */5x) 

(d) J=-(h/2nim){*3( ws /x)} -~w (Sy */3x) 

Consider the statement 

(i) Tunneling provides another mechanism to convert reactants to products that does not require an increase in 
energy of the reactants for the reaction to proceed. 

(ii) heavier atom tunneling is only appreciable if (V — E) is very small 

(iii) Quantum mechanical particle can escape through the barrier eyen through it does not have sufficient energ to 
go over the barrier 

The true statement above are 

(a) (@.Gi) O) Gi Gi) (Gi). (ii) (dal 

A quantum particle with fixed initial energy Eo< V is allowed to strike the following four barriers separately. The 
transmission probability is maximum in 


owe v ov] v 
@ (b) 


2A - > 


ow 2v omne 2V 


(c) (d) 
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Consider the statements 

(1) First order correction to the ground state energy is the expectation value corresponding to perturbed part of 
Hamiltonian when we take perturbed part of function into consideration. 

(2) When the value of first order energy correction because of perturbation becomes zero then we apply second 
order or higher order perturbation. 

(3) Perturbation method generally apply when the deviation of the real system from ideality is large. 

Correct statements above are 

(a) (1,2) (b) (2),3) © (1,2), (3)(d) (2) only 

The quantum state of a particel moving in a circular pathin plane is given by = (2m) —}/2e” for rotating 


particle in m state) when a perturbation H, p, q is applied (P is constant ), what will be the first order 


1=Peos 


h 


correction to the energy of the m" state is 


@)0 (b) P/27 (c) P/4n (d) Pm? / 47: 

First order perturbation correction AE, to the energy level E, of simple h armonic oscillator due to 
anharmonicity perturbation is given by 

(a) AE, =Y (b) AE, = (c) AE, =7" (d) AE, =0 

A particle in a one dimensional harmonic oscillator in x-direction is perturbed by a potential }x (7, isanum 
ber). The first order correction to the energy of the ground state 

(a) is zero (b) is negative 

(c) is positive (d) may be negative or positive but NOT zero 
Anoscillator is governed bythe potential V =(k/2)x? +(y/6)x* (b/24)x* usinga harmonic 
oscillator as an unperturbed problem, calculate the first order correction to the energy of the ground state in 
simple harmonic oscillator is 

(a)b/327p? (b) b/32B (c) yb /32p? (d) b/32p? 

When we operate perturbed part of Hamiltoman H =P sin œ on rotating particle. Then first correction to the 
energy is Wavefunctionis ,, (®)- fı / Jn em? } 

(a)P (b) P/2m (c) P2/4n2 (do 

Particle is confined to move in a 1D box of length -L to —L, the system is perturbed by b(a-x) then 

first order correction to the ground state energy is 

(a) ba/2 (b) ba (c) ba/4 (d) 2ba 

A particle is confined to move in 1D box of length 2a(-a < x <a) with V = 0 inside and infinite 


else where 
(i) The function corresponding to first excited state is 
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(a) (1/a) cos(nx/a) (b) (1/a)’ sin (mx /a) 

(©) (2/a) cos(2mx/a) (d) (2/a) sin (27x /a) 

Ifthe system is perturbed by V = 5[x— (a/2)) then first order energy correction to first excited state is 
(a)0 (b) 2/a (ola (d)1/2a 

A particle is confined to move in 1D box of length L, if system is perturbed by 8{x-(L/2)}. Then first 
order energy correction to the ground state 

(a)2/L (b) L/2 (OL (O 

Consider a particle in a one dimensional box of length “a” with the following potential 


V(x)o=x<0 
V(x)o=x>0V(x)=0;0<x<a/2,V(x)=Va/2<x<a 


Starting with the standard particle in a box Hamiltonian as the Zeorth order Hamiltonian and the potential of 
Vi from ‘a/2’ to ‘a’ as a perturbation, the first order energy correction to the ground state is 

(a)Vi (b) Vi/4 (OM (d) Vi/2 

A particle is confined to move in a ID box of length L, the left halfof the box is perturbed by Vi 

and right half ot the box is perturbed by VI/2, First order cotrection to the grotind energy because 

of perturbation is 


A one-dimensional anharmonic oscillatoris treated by perturbation theory. The harmonic oscillator 


1 
is used as the unperturbed system and the perturbation is (| (7 isaconstant) Using only the first 


order correction, the total ground state energy of anharmonic oscillator is 


(Note: For a one-dimensional harmonic oscillator y, (x) = [a / n} * e“ 


a = SON ere er 
ore) WE) ai) oih) 


Acone-dimensional quantum harmonic oscillator is perturbed by a potential yx° . The first order 
- è me 
correction to the energy for the ground state AE, is 


(a) AE) >0but<1 (b) AE! <0 (c) AE} =0 (d) AE} >2 
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A certain 2- level system has stationary state energies E, and E, (E, < E,) and with nornalized wave functions 


4, and q, respectively. In the presence ofa perturbation, the second -order correaction to the energy for the 


first state will be 
KAMLA AMALAN (do IN] di) 
@ "EE, OEE, O E 


A particle of mass m is confined in potential well given by V (x) = 0 for -L/2 <4< L/2 and V (x) infinite 


elsewhere. A perturbing potential H’(x) = a x has been applied to the system, Let the firstand second order 
corrections to ground state be E” and E}? respectively Which one of the following statement is correct 
(a) El) <OandE\” >0 (b) El) =Oand EY) 50 
(©) El > Oand El? <0 (d) ES? =0and ES? <0 
For non-degenerate perturbation theroy for ground state, with E} as zeroth order cnergy, E” as the first- 
order perturbation correction and E, as the éxact enrgy, which of the following is true ? 
(a) (EP + El) is always equal to E, (b) (EP +EP) <E, 
0) pl É E aa 
(o (EP +EP 2 Ey) (D EP <E, <E? 
The following are the three statements about perturbation theory 
(a) Second order perturbation correction to their ground state energy is ALWAYS negative. 
(b) Sum of the zeroth order and the first order corrections to the ground state energy is greater than the exact 
ground state energy, 
(e) Sum of the zeroth order and firstorder correction to the ground state energy is less than the exact state energy. 


From the following which one is correct? 


(a) Only (a) istruue (b) Both (a) and (b) are true 
(c) Only (c) is true (d) Both (b) and (c) are true 


1 0 
An unperturbed 2 level system has energy eign value E, and E, and has energy eignfunction B and | 1 when 


E, A 
perturbed its Hamiltonian is represented by A + p 
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(i) The first order correction to Ei is 


(a)4A (b) 2A (JA (do 
(ii) The second order correction to energy E, is 
(ao (DA (JAYEÇ-E, (DAE -E, 


(iii) The first order correction to the wavefunction is 


0 A*/E,-E, 0 1 
@ | A*/E,-E, Ol o ©), (a) | 


For a particle in square box of length L with origin x = 0 and y = 0 if the system is perturbed by H =b for 
0.25L <x<0.75L <x <0.75L 0.25 L <y < 0.75 L then the first order energy correetion to the ground state 
is 


(a) [1+(2/n)]b (b) [1+(2/n)] b/4 

(©) [1+(2/x)] b?/16 (d) [1+(2/)](b/4)° 

Aneign state of energy satisfies Hy, = E,,y,. Inthe presence of extraconstant potential V,V 
(a) Both Enand y, will change (b) Only y, will change but not En 

(©) Only En will change not y, (d) Neither En nor xy, will change 


The ground state of a certain system with energy is E subjected to a perturbation A H yielding first - order 

correction E°. Ifis the true ground -state energy of the perturbed system, the inequality that always holds is 

(a) s20 (b) €,2 Ey 

(c) & +E,SE, (d) ej +E20 

Which of the following statements on ground state-perturbation theory, involving zero order energy El , first 

order energy correction EU) and second order energy correction Ef? is false 

(a) E!) is the average value of perturbation (operator with respect to ground state of zero order Hamiltonian) 
D: A 

(b) E)! is necessartly negative 

(c) EY? isnecessarily negative 


(d) EP EM isan upper bound to their exact ground state energy 


The position ofa particle in space Gaussian probability distribution function. This implies that the under lying 
potential energy surface for the particle 

(a) Is flat in spacé 

(b) Has a linear dependence on spatial coordinates 

(c) Has a quadrafic dependence on spatial coordinates 


(d) Has a cubic dependence on spatial coordinates 
The first-order correction to energy for the ground state of a particle in a box of length L due to a perturba- 
tion àx would be 

(a) AL/2 (b) AL (e) 2/0 (d)2 
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12. 


The unperturbed energy levels ofa system e= 0,= 2 and €,= 4 . The second order correction to energy for 
the ground state in presence of the perturbation V for which V 10=2. V,,=4 and V,,=6 has been found to 
be 

(a) -6 (b) 0 (c) +6 (d) -8 

Consider a particle on ring is perturbed by interacting with an applied electric field (E) with the 


perturbation being H= uECosq , where 11 is dipole moment. The energy level correct upto first 


order are 
(a) [min /21]-[pE/ 7] (b) [min /21]-[pE /27] 
(©) [min / 21] + [WE / 27] (d) [ mia? /21| 
The normalized wavefunction of a particel in one dimensional potential well 
Oif0<x< 
v(x)={ 00sx sa 
œ otherwise 


are given by 


2 (nx/x 
y, (x) =,/—sin > where n = 1,2,3,...... 
a a 


The particlei s subjected to a perturbation 


v'(x)=V,cos[ A \foro<x <2 
i a 2 


=0 otherwise 
The shift in the ground state energy due tóthe perturbation, in the first order perturbation theory, is 
o% ož (95 (a 

37 31 31 31 
A Particale is confuned as to a one dimensional potental box with the potential V = 00<x<a V = infinite 
Elsewhere. If the particle is subjected to a perturbation, within the box, W B x, where B is small constant, the 
first order correction to the ground State energy is 


(a)0 (b) ap/4 (e) ap/2 (d) ap 
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Ina variational method, four classes of trial functions have been applied and the total energy computed. The 
exact value of the energy is equal to —50.2 eV. Choose the best approximation to this value obtained in correct 
calculations: 
(a)-48.2eV (b) -50.5 eV (c)-45.3 eV (d) 43.0eV 
Atrial wave function for SHO was proposed i,e,, y= (x?-1)e-x2 if the energy calculated by this function is E 
than which of the below is correct 
(a) E> 0.5 (D) E>2.5ho (©) E>3.Sho (d) E>4.5hm 
A trail wavefunction used in SHO -e* was used and energy value was obtainedas 
(#?C/2m)+ (mo? /8C) The minimum value of energy that was obtained by variational principle is 
ho ho 
5 (b) ho (O 7 (A) 2ho 


The energy calculated for a multielectron atom using variational function is 


2 
a 

= + oh Thevalueof 
m 


variational parameter a is 


i TELS x DN 
= Om oF (None 
Fora particle in box problem in (OjL)an approximate wavefunctionx (SL-x)(L-x). The average energy E for 
this state is 
h? nº h? 
AN Bs 
(a) (4 Je (2) (b) (45) 
h? k h? 
e NEE 0<Be| "> 
© (25) (25) (a) (25) 


Consider the statements 

(i) Atrial wavefunction (2-r)e* is suitable for an electron in 2p orbital 

(ii) The expectation value of the energy calculated with any function fÖ obeying the same boundary conditions 
as the correct system wave functions cannot be lower than Egs. 

(iii) Trial wave function with more than one parameter can produce impressive result but price 


we have to pay for that is lengthly calculation. 
Correct statements are above are 


(a) (i), (ai), Gii) (b) (ii), Gii) (c) (i), Gi) (d) (5), (iii) 
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7. 


Consider the statement 

(i) Variational principle is valid for ground sate only 

(ii) If the variatonal function is orthogonal to exact solutions to the Schrodfnger equation that correspond to all 
the states of lower energy than the state we are interested in the variational principle is still valid. 

(iii) Variational method q stands for the trial function, H the Hamilton, E, the exact ground state energy, and 


Wa the exact ground -state function , ¢ = (DMD) / (VP), If E = E, this means that: y, = E, The correct 


statements is /are 

(a) (1), Gi) (b) Gi) (e) 0, (ii), Gii) (d) (5), (itt) 

Consider the statement 

(i) Atrial wavefunction that depends linearly on variational parameter, leads to secular determinant. 

(ii) We choose the smallest root of secular determinant in calculating, the ground state from variational principle 
(iii) Perturbation theory express the solution to one problem in another problem solves previously The correct 
statements above is/are 


(a) (@.Gi) (b) Gi) Git) Ol (A (Di) 


For some one electron system with [=0 and m=0 the function N,e * and N,(2-0)e:“?, refers respec 


tively to the ground state (E, and first excited state (E) energy level ifá variation function N, (3-6) e 
yield an average energy s it will satisfy 

(a) £20 (b) O<e<E, (c) €2E, (a). By <e<E, 

Consider the statements 

(i) The energy calcualted by trial wave function in variational principle is always greater than or equal to zero 


(ii) Variation principle is an alternative to Schrodinger Equation 
Correct statements above is 


(a) Gi) (b)@) (WOK (d) None 

Two trial wave function ®, =(C,X)(a—x) and ®, =C,x(a—x)+C,X*(a—x)’ give ground state 
energies E, and E, respectively, forthe microscopic particle in a 1D box by using the variation method. If the 
exact ground state energy is EO ,the correct relationship between E,,E, and E, are 

(a) E,=E,=E, (E <E,<E, (©) E,<E,<E, (DE,>E,=E, 

A particle in 1D box (Potential energy V =0 inside the box between O to a, V = infinite outside) has the ground 
state energy E, = (0.125 hêm?) The expectation value of the above Hamiltonian with (x) =x(x-a) yields 
anenergy E, Usinga linear combination of two even function x(x-a) and X? (x-a)?, we obtain the variational 
minimum to the ground state energy as E, the relationship between E, E, and E, respectively are 

(a) E,<E, <E, (b) E,<E,<E, (OE, <E,<E, (@E,<E,<E, 

A trial function used in the variational method for the hydrogen atom had the form y exp" +C, exp") 
From a variational procedure we obtained 

(ae =c,=0 (be=e,=0 (Je, =0,6,=1 (de=1e,=1 

Choosing some Hamiltonian H and an orthonormal basis, a linear variationis carried out to get approximate 
energy E,. With 2 basis function can obtain E (2) < E,(2). Taking 3 basis function, similarly three ordered 
energies E, (3)<E, (3)<E,(3) are found. The relation which hold the good from the following is 
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(a) EM) < E:(3);E2(2) < Ea (3) (b) ENG) < E:(2);E2(2) < E2(3) 
(©) Ei (2) < E:(3); E2(3) < E2(2) (® E (3) < E:(2);E2(3) < E2(2) 
15. The linear variation method using two orthogonal basic wavefunction, the two roots obtained are £, and £, 


(e, < €, ) the correct relation ofthese with exact ground and first excited energies, ,E and E, respectively are 
(a) £, > E, ande, < E, (b) £, < E, ands, > E, 
(c) & <E, ands, > E, (d) s, > E, ande, > E, 
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A trial wave function of a system is expanded as y, = C,® +C,, . The matrix element of the Hamiltonian 


<@,H®, =0,< DHO, >=<@@,H, > are 2.0and < © HD, >= 3.0 .The approximate ground 


state energy of the system from the linear variation principle is 

(a) -1.0 (b) -2.0 (c) +4.0 (d) +5.0 

Given awave function y, = C,, + C,D, and the Hamiltonian matrix element as 

[oo dv = 0f ,Ho,dv =2.5[ o, Hg,dv = 12.0, The variatonally determined ground state energy is 

(a) 0.52 (b) -0.50 (c) 12.50 (d) 12.52 

The root of determinant in case of ethylene molecule in Huckel theory is 

(a) a+B,a-p (b)a+2B.0-B = (©) a+2B,a-2B (d) a+ Ba 2B 

The energy level forcyclobutadiene a +2B,0,0. and a — 2B The delocalization energy in this molecule is 
(a) 0 (b) -4B (c) -86 (d) 4a 

Huckle Molecular orbital theroy can be applied to radical CH,= CH=CH, 


(i) The secular determinant (where a,ß and Ehave their sual meaning) is given by 


a-E p 0 la-E 0 0 
@ 8 EB w| %-a-E B 
0 p a-E B a-E 
a-E p % a-E -p 0 
o b aE 0 fh oE | 
0, 0M 0-E 0 -B a-E 


The energy fora single electron excitation in cyclopropenicum cation according to Huckel Theory 

(a) p (b)2p (3p (d) 48 

The resonance integral for benzene in the Huckel model is 75 KJ/mole the energy required for the transition 
from HOMO to LUMO and to the highest unoccupied MO respectively will be 


(a) 150 and 225 KJ/mole (c) 150 and 300 KJ mole 

(b) 75 and 150 KJ/mole (d) 75 and 225 KJ/mole 

As per Huckel theory, r- electron energy of cyclobutadine are 

(a) a+2B,a+Ba-Ba-2p (b)a+2pa-pa-Ba-2p 
(©) a+2B,0,0-2p (Darpa-Ba-pa-2p 


The correct statement regarding cyclobutadine molecule is (If p= —75 KJ/mole) 
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(a) It is diamagnetic in nature and energy required for the excitation is 75 KJ/mole 
(b) It is a paramagnetic in nature and enegy required for the transition is 150 KJ/mole 

(c) It is diamagnetic in nature and energy required for the excitation is 150 KJ/mole 

(d) Itis a paramagnetic in nature and energy required for the excitation is 75 KJ/mole 

Consider the statement 

(i) The concept of a bond formation energy is different than delocalization energy 

(ii) The of z bond formation energy in benxene is 68 

(iii) The delocalization energy for cyclobutadiene molecule is zero 

Correct statement above are 

(a) (1), Gi) (b) (ii), Gii) © (iii) (dall 

The electronic transition energy from 7,2 — 2 in propenyl radical is 4.8 eV. Within the frame work of Huckel 
theory, the transitions energy from 7, — 3 would be 

(a)2.4eV (b) 4.8 eV (c)9.6eV (d) 14.4eV 

Idenfity the huckel determinant for cyclobutadiene 


la-E 8B 0 la-E B 0 
| P «E p œ| 2 EB 
0 B a-E| 0 a -El 
la-E 8B 0 a-E Boo 
(e) P a-E 0 @ =p. a-E- -p 
B a-E 0 =p a-E 


Simple Hukel molecular orbital theory 
(a) Consider electron-electron repulsion explicity 

(b) Distinguish cis butadiene and cyclobutadiene 

(c) Distinguish cis butadiene and trans butadiene 

(d) Has different coulomb integral for non equivalent carobon. 

Consider the statement 

(i) Huckel molecular orbital theory is based on n-o seperability 

(ii) The value of resonance energy generally remain in the form of resonance integral 

(iii) The approximation of considering overlap integral zero in Huckel molecular orbital 

theory is à bad approximation. 

The correct staement above are 

(a)(i), Gi) (b) (ii), (ai) (©) (0). (iii) (dall 

True or false 

(i) Huckel approximation is used to determine the energies and shpaes ofthe nm molecular orbitals in 
conjugated systems. 

(ii) All diagonal Hamilitionian integrals Hii are called Coulomb integrals and those of type HijHij are called 
resoance integrals. 

(iii) Huckel Theory can be extended to address other types of atoms in conjugated molecules (e.g., nitrogen 
and oxygen). 
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DPP- (18) Quantum Chemistry 


The total bond order between adjacent carbon atom of benzen is 


(a) 0.5 (b) 2.0 (c) 1.5 (d) 2.5 
The Huckel Molecular Orbital of benzene that is degenerate with the molecular orbital (1/2) 
[z TEKAN ] 
atm, 
(a) 1/42 xfx xx] O 1/42 Dx xx] 
(1/42 xxx xx] (@ 1/2 [xx xx taça] 


The highest energy p molecular orbital for the allyl system is 
1 1 
(a) eet 3 


1 1 
Ogre 

1 1 1 | 1 
Opret. OT 
Consider the statement regarding stability of H} , H, His 
(i) H; is more stanle in linear configuration 
(ii) H; and H, is more stable in linear configuration 
(iii) Hj and H, is more stablé if triangular configuration 
(iv) Hj and H, is more stable in triangular configuration 


(a) (i) and (ii) _(b) (i),Gi) and qi) (o) (ii) (d) (iii) (iv) 


Free valence index corresponding to central atom carbon atom in ally! cation is 


(a) 1.02 (6) .732 (c) 32 (d).52 
Theenergylevels of cyclopropene are The delocalization energy in C, H, is 
(a)2B (b) 0 (OB (3p 


For a one-dimensional (x) harmonic oscillator perturbed by an x potential, the sum of the first 
order and second order correction to the ground state energy is 

(a)<0 (b)0 ()>0 (d)>0 

A particle in one D box of length 2a with potential energy 


olxa 
v= 
œjļxþ>a 


is perturbed by a potential Vº=c. eV where c is constant, First order correction in excited state ofthe system 
is 
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QUANTA POINT DPP-(18) /Quantum Chemistry 


(a)0 (b) 5 (c) æ (d) 10 

Difference of average value of position x for state n = | and n =2 ofa particle confined to move in 1 D box of 
length Lis 

(a) L/4 (b)L3 (012 (d)0 

The Hermitian operator among the following is 

ong Oni © im Oin 


One ofthe Huckel Molecular orbital of 1,3 Butadiene is 

9 = 0.604, +0.37% -0.37% — 0.60%, 

The energy of this orbital in terms of Coulomb (a ) and Reasonce (Ẹ ) integrals are 

(a) a +1.62 (b) a+6.2 (c)a-1.62 (d)a -6.2 

While the vibrational energy of an osicllator in v = 0 (ground state) is non-zero, the rotational energy ofa rigid 
rotor in J = 0 state (ground state) can be zero. Pick the correct answer 

(a) Vibrational energy ofan oscillator consists of both potential as well as kinetic energy ofa 

whereas the rotational energy of the rotor has only the kinetic energy 

(b) Itis a rigid rotor 

(©) Vibrational and rotational degree of freedom is decoupled from each other 

(d) None of the above 

Fora one dimensional quantum mechanical harmonic osicllator 

(a) Average linear momentum is non zero average displacement is zero 

(b) Average linear momentum is zero average displacement is zero 

(c) Average linear momentumis zero average displacement is non zero 

(d) Average linear momentum and average displacement both are non zero 

The wavefunction correspondignto energy level a + 1.618 in case of butadience molecule according to 
HMO is 


(a) w= 0.3755 (x, + x4) + 0.6070(%, +75) (b) y =0.3070(y, -x%4)+0.3755(%: —%3) 
(c) y = 0,6070 (+ x4 }-0.3755(%2 + %2) (d) y =0.3755(%, -x4)-0.6070(%: — x5) 
The energylevel corresponding to wavefunction 


Y =0.5(% +%5)= 0.7077, 
ofallyl system (cation, anion or radical) according to HMO is 
(a) a 4148 (b) a -1.4148 (a (d) a-414p 
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DPP- (19) Quantum Chemistry 


Lid 


Eh 


Ify=0.8 ©, + 0.4, is a normalized molecular orbital of a diatomic molecule AB constructed from O, and O, 


which are also normalised, then the overlap integral between ®, and O, is 
(a)0.11 (b) 0.31 (c) 0.51 (d) 0.71 


One molecular orbital of polar molecule AB has the form C, y, +C, W, where y,and ygåre normalised 
atomic orbital of centred on A and B respectively. The electron in this orbital is found on atom B with a 


probability of 90%. Neglecting the overlapping integral between y, and ,, a possible set of C, and C, are 
(a) C,= 0.95, C, = 0.32 (b) C, = 0.10, C, = 0.90 
© C, =-0.95, C, = 0.32 (d) C, =0.32, C, = 0.95 


In a molecule XY, let y, and y, denote normalized atomic orbital of atom X and Y, respectively. A normalized 


molecular orbital of XY is given by y,=0.56 (y, + W,). The value of overlap integral of y, and y, is .... (Up to 


two decimal places) 
(a) 0.5 (b) 1.0 (1s (d) 2.0 


The lowest energy normalized wave function of H; molecule (r, and r, are the distance between the electron 


and nuclei 1 and 2 respectively 


(a) wewe +e") O v(e 


©) y=0"" (d) y= 

Determine the normalization constant for {® (1) ©, (2)+ ® (2) O, (1)) fora homonuclear diatomic 
molecule according to valence bond theory. If$ = 0.59. 

(a)0.30 (b) 0.60 ()1 (a) 0.90 

The Simultaneous configuration of angular momentum operator L? and L are 

(a) All of 2s, 2p,, 2p, and 2p, orbital (b) all of 2s, 2p,, 2p, 

(c) only 2s and 2p, (d) Only 2p, 


The wavefunction of a diatomic molecule has the form y =0.89 ®,,...,, + 0.45 ®,,,. the chance that both 


electron will be found on the same atom out of hundred inspection of the molecule approximately are 


(a) 79 (b) 20 (c) 45 (d) 60 
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8. 


In the formation of H, molecule from 2H atoms placed at position A and B and separated by a distance r ps à 
part of spatial wave function is ®,(1) ®,(2)+®,(1)®,(2) 


(a) This is covalent term and is important as r,„ > infinite 
(b) This is ionic term and is important as r „„ > infinite 
(©) This is covalent term and is important as r,, —> 0 

(d) This is ionic term and is important as r, „ > 0 
Consider the statements 


(i) Overlapping S,, can have value between zero and one. In order to have a chemical bond it ishecessary that 
S,>0. 


(ii) The bonding orbital change sign on inversion in p, and p, orbital so it is ungerade, and antibonding orbital 


remain same on inversion so it is gerade. 


(iii) Bonding orbital show a build up an electron density in an internuclearfegion while antibonding orbital show a 


decrease of electron density in internuclear region. 
Correct statements above is/are 
(a) @), (ii) (b) Gi), (iii) (©) (i), (ii), (iii) (d)none 


In simple molecular orbital theory of hydrogen molecular bonding c, and ant bonding o, molecular orbitals 
are constructed as linear combinations of atomic orbitals of two hydrogen atoms. The spatial part of a purely 


covalent singlet wavefunction is obtained by 


G) ato; (bs; 


(d) 02 +(1/2)03 


The spatial part of hydrogen molecular wavefunction in simplest molecular orbital theory is given by o? where 
©, isanormalized linear combination of two hydrogen 1s orbitals. Which of the following is true about the 


wave function? 
(a) It contains only covalent terms 
(b) Itincludes only à small amount of ionic terms 
(c)Itcontains only ionic terms 
(d) It over estimates the ionic terms 


The two limiting wave function of the ground state of H; molecular ion, as the intermediate separation goes to 
(i) infinity (ii) zero (0) are (1S,, 1S, are IS - orbital wave function of H atom a and bin H molecule and 
1S,,, is the wavefunction of 1S orbital of He*} 


(a) (i) Is,(0); (ii) 15,09) 
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14. 


(b) G) Is, (r); (ii) Is, (1) 

(c) (i) 1s, (r,) 1s, (r3) ; Gi) Is) Isu) 

WO Is, (r) + Is (0); Gi) 1s, (1) 

Consider the statements 

(i) Every H; Eigen functions is either gerade (i.e., symmetric for inversion) or ungerade. 


(ii) The continuity of symmetry enables the ©, state of Hi to correlate with an s-type AO of He' as R goes to 


zero. 
(iii) AR =0 because the o, state of H; correlates with a 2p AO of He’. 


The correct statements above is/are 


(a)() (b)@), Gi) (e) (à), Gi), Gti) (d) none 
A molecular orbital of a diatomic number molecule changes sign when it is rotated by 180° around the molecular 
axis 
(a) x (b)o (c) (do 


Correct combination for x and 7" orbitals in B ,- molecule is 


= m 
(a) Gerade Ungerade 
(b) Ungerade Gerade 
(©) Gerade Gerade 
(d) Ungerade Ungerade 


Address : 50 Mall Road, Near GTB Nagar Metro Station Gate No 3, Kingsway Camp, Delhi 110009 
Contact Us : 9990382567, 9717373074, 8285815185 


UANT. 
PO | NT 
An Institute of Chemical Sciences 


CSIR-NET | IIT-GATE | IIT-JAM | Other MSc. Entrance 


DPP- (20) Quantum Chemistry 


The value of s,,s,] is equal to 


(a)2is, (b)—2is, (dis, (d)-is, 


The value of SS, Sis equal to 
(a)(h/4p)'s, (b) (b/4p} s, (c) (h/4p) sy (d) (Api, 
The spin angular momentum operator S, in form of Pauli matrix is 


(a)hs,/2p (b)hs,/4p (c)-hs,/2p (d) -hs,/4p 


For two atom two electron system, if we operate the total spin angular momentum operator S? on function {a(1) b 
(2)-b (1) a(2)}. The corresponding eigenvalue is 


(a) bP / 2p? (b) h/ 2p (00 (ah? 
The value ofs, s, s, is equal to 
(a)1 (di ()-i (d)-1 


For H, molecule, the ground state wave functiony (1,2)=F (1, 2) s (1, 2) where F refers to the space part and 
s refers to spin part, given that F.(1, 2)=F (2, 1), the form s (1, 2) will be 


(a) a (1) b (2) (b) a (2) b(1) 
(c) {a (1) b (2)-b(1)aQ)} (d) {a (1) b (2) + b (1) a (2)} 
An excited triplet state wave function of hydrogen molecule with the electronic configuration o}, o! has the 
following space part 
(a) 6,(1) 6,2) (b) 0,0) 6,(2)+0,(1) 6,(2) 
(e).9,(1).6,(2)=9,() 5,2) (d) 6,() 6,2)+6,()) 6,2) 


For H, molecule in the excited state the spin part of triplet state with m, = 0 is proportional to 
@a(1)b (2) b)a (2)b (1) 
(c) {a (1), B (2) - B (1) a (2)} (d) {a (1) B (2) + B (1) a (2) 
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9. 


The spatial part of wave function of the atom in its ground state is Is(1) 1s(2) the spin part of the wave function 


would be 
(a) a (1) a (2) (b) B (1) B 2) 
OAND ta (1) B (2) -B (1) a D} (4) AND) to (1) B (2) +B (Da (2)} 


Which of the following statement is incorrect? 

(a) Aslater determinant is an antisymmetric wave function. 

(b) Electronic wave function should be represented by Slater determinant. 

(c) Aslater determinant always corresponding to particular spin state. 

(d) Aslater determinant obey the Pauli exclusion principle 

Forne atom the normalization constant for Slater Determinant is 

(a) IN)? (b) LAND? 

(c) LN)?! (d) ENG? 

A slater determinant corresponding to ionic part of ground state valence band wave function of H, molecules is 


[{1S,a, IS, 15,0, 1S,B,} are atomic spin orbital of hydrogen atom a and b of hydrogen molecule 


TORNO) 
(2) asp] (O 


(a) 


Iso) Is, (1) 
Is,o(2) Is,B(2) 


Issa (I Is o(1) | 


isa (1) 1s,B(1) 
Is,a(2) 1s,a(2) 


A) Is, B(2) 


Which of these are not a suitable unnormalized wave function for excited state 1S'2S! electron configuration of the 


heliumatom 
(a) [1s(1)2s(2)-28(1)18(2)][B)B2)] (b) [1s(1)2s(2)+2s(1)1s(2)]La(1)B(2)-B(1)a(2)] 
(©) [1s(1)2s(2)-28(1)1s(2)] (d) [1s(1)2s(2)+28(1)1s(2)][o(1)B(2)] 
A satisfactory spin waye function for an excited helium atom is 
(a) kata Aa (b) apo) (e) JOB] (d) (DBO 
If where and are spin angular momentum operators and Ja > is spin up Eigen function, then the value of ‘a’ is 
____ (Round offto one decimal place) 


(a) 0.5 (b) 0.2 (003 (d)0.1 
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DPP- 1 To 20 QUANTUM CHEMISTRY 


ANSWER KEY 

2 (d) 3. (d) 4. @ 5. (d) 6. (c) 7. 
9. (d) 10. (e) IH (a) 2. (b) B (a) 14. 
2 (0 3. (0 4. b) 5. (a) é o 7 
9. (©) 10. (c) 1. (dO) 2. 13. (e) 

2. (b) 3. (b) 4. b) 5. (0) se. (d 7 
9 © 10 6) IL 40) \12%@ 13 © 14 
2 © 3. (c) 4 © 5. b) 6. (c) 7. 
9. @ 0. (e) u (a) 12. (b) B. (0 14. 
2. (a) 3. (O) 4. (b) 5. (O) 6. (b) 7. 
9. (b) 10. (e) ll (0) 12. (b) 13. (0) 14. 
16. (b) 17. © 18. (d) 19 (b) 20. (o 

eA (b) 3. d@ 4. (a) 5. (d) 6 (b) 7 
9. (©) 10. () IW @ 12 6 B (09) 14, 


(b) 
(e) 


(b) 


(b) 
(b) 


(d) 
(b) 


(b) 
(d) 


(dy 
(a) 
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QUANTA POINT DPP-(1 to 20) QUANTUM CHEMISTRY /ANSWER KEY 
DPP-7 


LOL Àa 4 ® 5%. © 6 DT A) 


L @ 2 @ 3 @ 4 DS &® 6 @ 7% ©) 
8 ND (© COR Wk iy PO DR ER DR a O 
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QUANTA POINT DPP-(1 to 20) QUANTUM CHEMISTRY /ANSWER KEY 
DPP-15 


L © 2 @ 3 © 4 DS @ 6 & 7% © 
8 @ % OD 06 © HM @ 2 @™ B @ 4 @ 


s @ 9% @ 10 © I. ® 2 @ 2B O 4 @ 
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